assigned to the vibration of a CH oscillator localized in a different site. A quantum theory of these spectra shows that no tunnelling effect appears; this is in agreement with the classical interpretation. Furthermore, this theory ascribes the temperature dependence of the relative intensities of the v(CH) bands to the population density of the first torsional levels in the vibrational ground state and suggests a very simple ordering of the isotopic system CHD2 at 4 K, the CH vibrator being localized in the plane perpendicular to the molecular plane. At higher temperatures, the strong relaxation observed on these v(CH) bands is due to the CHD2 group reorientation and can be described, mostly, by a great amplitude random jump process.
1. Introduction. -Most molecular dynamics studies performed in the last decade by various techniques concern small rigid molecules or ions. However, a strong interest is now appearing for the extension of the methods and theories of molecular dynamics to non-rigid systems characterized by low frequency large amplitude internal motions.
Classical examples of such anharmonic motions are the rotation of a specific group in the molecule or the deformation of the entire molecule as in the ringpuckering or the pseudo-rotation of small cycles.
A good starting point for the study of these systems is often provided by the gas phase data obtained by microwaves [1] , or infrared and Raman spectroscopies [2] [3] [4] [5] . Indeed, in the absence of intermolecular forces, the fine structures observed in the spectra can completely be interpreted and yield very detailed information (*) Associe au C.N.R.S. on the potential energy function which governs the internal motion.
In condensed states, the problem is more complex because the energy levels associated with the internal motion are strongly relaxed by coupling with the thermal bath.
However, in the case of the internal rotation of a methyl group, some results have already been obtained by N.M.R. or Neutron Scattering [6] [7] [8] [9] [10] [11] .
The infrared (I. R.) and Raman bandshape analysis of the v(CH) stretching vibration of a -CHD2 group substituted in molecules of the type Z-CH3, where Z is a planar group, has also proved to be a good method of investigation [12, 13] . The [12] and for the a and fl crystalline phases of C6DSCHD2 [13] .
In the spectra of (Fig. 1) .
Thus, as already inferred for toluene [13] , the three observed bands are assigned to CH oscillators located in three different sites. Indeed, the nitromethane molecule is in general position in the crystalline unit cell and the methyl group conformation at 4 K [14] is such that one of the -CH bonds is nearly perpendicular to the molecular plane. We assign the lower frequency band to this perpendicular -CH bond and the doublet at 3 049 and 3 042 cm-' 1 to the two other -CH bonds which are not quite equivalent because of the absence of a symmetry plane.
Notice that these frequencies follow the law which has been proposed for the isolated molecule [18] :
where the values of the dihedral angle 0 between the NCH plane and the CN02 plane are consistent with the crystalline structure ( Table I ). The comparison [12] .
of the values of wo and C2 in the solid phase and in the gas phase [12] shows that coo is the same in both phases but that C2 is larger in the crystalline state because of the appearance of non negligible intermolecular effects.
In these conditions, the success encountered in the application of equation (1) [18] . At 78 K, this author observes, as we do (Fig. 4) [18] , a dependence of the interaction constant f(H-H) on the conformation. However, one important conclusion to be deduced from figure 2 remains that Fermi resonance effects between the three v(CH3) stretching @ e Scalar or even transition operator --+) 9 Odd transition operator (-0 -+ ) This can be simulated in the calculations by taking 00 = 90°. Then V'(0) shows two symmetrical wells of equal depth at 0 = -7r/6 and 0 = + 7 7r/6 and a third deeper one at 0 = + n/2. The wave-function corresponding to the first torsional level is localized in the central well, whereas those relative to the second and third torsional levels remain delocalized between the two other wells (Fig. 3A) (Fig. 3A) Thus, this first case, which supposes a symmetrical conformation of the -CHD2 group, must be rejected. Actually it is not in agreement with the crystalline structure, in which the molecule is in general position.
(ii) The three potential sites of the CH oscillator in the -CHD2 group are now supposed to be different. This is the situation envisaged in the classical interpretation ; it can be simulated in the calculations by taking 00 slightly different from 900. Then, V'(0) loses any symmetry and shows three wells with different depths (Fig. 3B ). This depth difference (&#x3E; 3.5 cm -1) is appreciably higher than the splitting between the two levels A and E in the torsional ground state of V(O), measured by Trevino et ale as 0.28 cm-' for the -CH; group and 0.013 cm-1 for the -CD3 group [15] .
Thus, a strong localization of the wave-functions of the first torsional levels in each well is observed, in the v = 0 as well as in the v = 1 v(CH) vibrational states. It follows that the intense transitions occur only between the levels whose wave-functions are localized in a same well and have a maximum overlapping : I 0, 0 &#x3E; --+ 1,0 ),! 10, 1 &#x3E; -1,1 &#x3E; and )0, 2 ) -+ 11,3&#x3E;. (Fig. 4) . Indeed, the three v(CH) transitions are shown to come each from a different torsional level in the vibrational ground state. Therefore, their intensity is connected with the variations of the population of these three torsional levels.
The splittings of these levels are approximately equal to the half quantum of vibration in each site.
Thus, the intensity ratio of two bands and vb must obey the law (13) :
It is verified for LR. as well as Raman spectra between 100 and 17 K (Fig. 5) with values of the parameters /t and C close to 1. ;, =H= 1 implies a compensation effect of the modes other than v(CH), as already pointed out for toluene where 1. = 0.88 [13] . In figure 5 suggest that by going to very low temperatures the isotopic system can become ordered since the fundamental 0, 0 ) level is then the only populated one. This order corresponds to a particularly simple situation in nitromethane ; the CH vibrator of the -CHD2 group would be localized in the plane perpendicular to the molecular plane.
However, this conclusion implies that the evolution rate is fast enough to prevent a freezing of the system at very low temperature [27] . One can simply hope that the very low hindering barrier to methyl rotation in nitromethane allows the isotopic ordering to take place.
RELAXATION STUDY ON THE HIGH TEMPERATURE
SPECTRA (FROM 90 TO 185 K).
When the temperature is raised, the v(CH) stretching bands of nitromethane N02CHD2 clearly broaden (Fig. 4) [ 13] . If the dipole moment of the vibrational transition of modulusis supposed collinear with the -CH bond directed along the unit vector u, the infrared profiles are given by :
where vij(w) are the elements of the matrix We used the values of the residence times determined by Trevino et ale from Q.N.S. study [11] . These with the profiles calculated with the model of instantaneous jumps of the -CHD2 group. The agreement is satisfactory and it can be concluded that this relaxation mechanism takes a great part in the broadening effect.
However, a precise measurement of the residence times for the -CHD2 group, either by N.M.R. or by Q.N.S., would certainly give slightly greater values than those used here which are relative to the -CH3 group. Consequently, the calculated profiles would be narrower and an additional relaxation process, involving small amplitude fluctuations around each of the equilibrium positions could be invoked. Nevertheless, this latter mechanism, which contributes largely to the relaxation in the toluene case [ 13] , is certainly less important for nitromethane. (4 K) .
At higher temperatures, these spectra are modulated by the internal rotation of the -CHD2 group. Two relaxation processes, involving respectively great amplitude jumps from one equilibrium position to another and small amplitude fluctuations around each equilibrium position, which introduces inhomogeneous broadenings of each v(CH) band, had previously been taken into account to explain the broadenings observed for crystalline toluene. We show in the present work that the first process, large amplitude instantaneous jumps, is sufficient to explain the main spectral features in crystalline nitromethane.
